Aims understanding relationships between the distributions of species and their surrounding environment provides a basis for forecasting how species will respond to future environmental changes. In this study, we examined the effects of environmental factors and human developmental features associated with disturbances on probability of occurrence of juveniles of invasive Triadica sebifera and three native plant species, Baccharis halimifolia, Ilex vomitoria and Morella cerifera within a typical coastal transition in coastal mississippi, usa.
proliferation of exotic species (Mack 2003) . It also appears that certain landscape features, associated with human developments and disturbances, often play a critical role in the spread and establishment of invasive species (Bradley and Mustard 2006; Rodgers and Parker 2003) . For the purpose of this study, landscape features are defined as any human development and recreational areas, such as active roadways, water courses (e.g. bayou), power lines and abandoned fields, associated with changed disturbance regimes (e.g. altered light) during construction and other anthropogenic activities. Some of these features (e.g. water courses) also act as major dispersal corridors for invasive and native plants (Carboni et al. 2010a) .
Human activities can also increase the varieties of resourcerich empty habitats through disturbances and aid in propagule dispersal. These events can provide opportunities for invasive species to colonize and establish (Davis et al. 2000; Hobbs and Huenneke 1992) . For instance, Seabloom et al. (2006) have shown that human activities, such as urbanization, facilitate the invasion of exotic plant species along the California coast through dispersal. Parendes and Jones (2000) study suggested that the higher resource (light) availability and dispersal via stream flow enhances the spread of non-native plants around roads and water bodies.
In many coastal areas, natural disturbances such as tropical storms generate wind damage and storm surge that can produce establishment opportunities for native and invasive species alike through enhancement of dispersal opportunities and creation of resource-rich habitats (Diez et al. 2012) . For instance, non-native vines expanded rapidly after winddriven canopy loss in Florida associated with Hurricane Andrew (Horvitz et al. 1998) . In the Pearl River Basin in Louisiana, improved regeneration of invasive Triadica sebifera was observed following canopy disturbance from Hurricane Katrina in 2005 (Chapman et al. 2008) .
Extreme physical environments, on the other hand, may act as a barrier to invasions (Richardson et al. 2000) . Low nutrient availability and harsh environmental conditions can reduce habitat invasibility (Alpert et al. 2000) . Harrison (1999) reported that the relative abundance of non-native plant species, frequent throughout most of the grasslands of California, was significantly lower in the nutrient-poor serpentine grasslands. He et al. (2012) showed that the salinity stress constrained the Spartina species invasions in low estuarine marshes of the Yellow River Delta, China. However, coastal developments and burgeoning anthropogenic modification of landscapes sometime alleviate physical stresses (e.g. salinity) either by increasing the freshwater runoff or delivering nutrients, which may enhance range expansion of invasive species (Harrison 1999; Silliman and Bertness 2004) .
Anthropogenic disturbances and physical environment differentially influence species distributions, including exotic invasive species in the landscape (Carboni et al. 2010b; Rodgers and Parker 2003) . However, is not well understood how environmental and anthropogenic factors may affect the distribution patterns of co-occurring invasive and native plant species in low-lying coastal ecosystems where human activities are high and physical environments could be stressful. We utilized a typical coastal transition ecosystem of southeastern USA as a study system to determine the effects of environmental factors and human disturbances on the probability of occurrence of an invasive Triadica sebifera and three common co-occurring native species; Baccharis halimifolia, Ilex vomitoria and Morella cerifera. The species selected in this study are present in coastal ecosystems along the northern Gulf of Mexico and are the most common shrub and small tree species at the Grand Bay National Estuarine Research Reserve (GBNERR). Within GBNERR, the invasive T. sebifera distribution overlaps with the three selected native species. Taking commonly co-occurring native and invasive species and assessing their performances under a wide range of current environmental conditions, we will be able to predict the future conditions in which invasive species may proliferate (Daehler 2003) .
In this study, we measured the probability of occurrence of juveniles of target species with respect to environmental factors and human disturbances. Juvenile survival is critical for plant regeneration and establishment (Grubb 1977) . Once individuals have survived these vulnerable early stages and attained maturity, they are often more tolerant of environmental stresses (Niinemets 2010) . Thus, the initial plant establishment can play a crucial role in the succession and future trajectories of community development (Palmer et al. 1997) . In addition, relating species' distributions, in their early life-history stage, to environmental factors is important for determining the distributions of species in the landscape (Araujo and Williams 2000) . This information can also be used to identify potential sites at risk of new invasions in order to adopt appropriate site-monitoring and control measures (Thuiller et al. 2005) .
This study aims to explore the effects of environmental and human factors on current distribution patterns of juveniles of exotic invasive and native plant species and make some inferences on the future distribution of these species in the coastal transition ecosystems of southeastern USA.
Based on these considerations, we hypothesized that the probability of occurrence of juveniles of (i) invasive and native plant species would decrease with increasing salinity, because woody species generally have a narrower range of tolerance to salinity than nonwoody plants (Kozlowski 1997) , and increase with canopy openness and associated light availability, and (ii) the invasive T. sebifera would increase with evidence of anthropogenic disturbance (Davis et al. 2000; Hobbs and Huenneke 1992) .
maTErIals aND mETHoDs

Study area
The study was carried out in the GBNERR in coastal Mississippi in the Gulf of Mexico. The reserve, which was established in 1999, is located in southeast Mississippi, USA (30°21′2′′N and 88°27′46′′West, Fig. 1) , and occupies 7446 hectares of land. The reserve lies within the gently sloping lower Gulf Coastal Plain and forms one of the most biologically diverse and productive estuarine ecosystems in the Gulf of Mexico (Hilbert 2006) . The reserve supports various coastal wetland plant communities shaped by the environments of the northern Gulf of Mexico (Battaglia et al. 2012; Peterson et al. 2007) . Tidal communities of salt and brackish marshes dominate at the seaward end of the gradient and slowly grade into freshwater marshes, maritime forests, cypress swamps, mixed hardwood forests, wet pine flatwoods, pitcher plant bogs and pine savannahs toward the landward end of the transition.
Over the past 30 years, there has been a substantial increase in development, (both industrial and residential) to fulfill the needs of rising human populations near GBNERR, which alters the sources and movement of sediment, freshwater discharge and nutrient inputs to the coast (cf. Hilbert 2006) . In addition, coastal Mississippi and the Grand Bay area have been frequently impacted by hurricane disturbances (Peterson et al. 2007) . For example, Hurricane Katrina in 2005 inundated the entire portion of GBNERR with a storm surge 8-m high, which remained for several days (Peterson et al. 2007) . Hurricane Katrina caused a decrease in forest cover and emergent wetlands (e.g. salt marshes) due to the conversion of these habitats to grassland and open water, respectively (Evans et al. 2012) . Within the reserve, an 11.3-km long permanent transect was established in 2007 to study the effects of natural disturbances (tropical storms and sea level rise) on estuarine-upland transition (Fig. 1) . The transect, oriented north-south, starts at the marine-terrestrial interface along the Gulf Coast and ends in pine savannah. The transect encompasses a typical coastal transition, supporting various coastal wetland plant communities arrayed along gradients of salinity, flooding and soil properties.
Target species
We chose three native species, B. halimifolia L. (Asteraceae), I. vomitoria Aiton (Aquifoliaceae) M. cerifera (L.) Small (Myricaceae), and the invasive species T. sebifera (L.) Small (Euphorbiaceae) for this study. All of these species co-occur in various wetland habitats along the northern Gulf of Mexico coast (Battaglia et al. 2009; Bruce et al. 1995; Wall and Darwin 1999) . B. halimifolia: B. halimifolia is a native, multibranching deciduous, perennial understory shrub which occurs along the Atlantic and Gulf coasts of North America. This species is most commonly found on the southeastern coastal plains (Duncan et al. 1957) . It grows in moist soil having high organic matter, open forests, beaches, swamps, wet prairies and freshwater marshes (Duncan et al. 1957) . Because of high salinity tolerance (Moon and Stiling 2004) , it also occurs along the upland fringe of brackish marshes (Duncan et al. 1957) . It is shade intolerant species and produces wind dispersed seeds. I. vomitoria: I. vomitoria is an evergreen shrub native to coastal forests along the Gulf and Atlantic Coastal Plains of the USA. This species is found in maritime forests, upland woodlands, wet woodlands, floodplains, and nontidal forested wetlands with well-drained sandy soils (Godfrey 1988) . I. vomitoria fruits are a good source of food for many native and migratory birds and fruits remain on the tree until late fall to early spring. The species grows well in both sunny and shaded conditions (Chambless and Nixon 1975) . M. cerifera: M. cerifera is an evergreen nitrogen-fixing shrub native to the Coastal Plains of the southeastern USA. M. cerifera is an early successional species in southeastern coastal regions (Young et al. 1995) , and is said to be shade intolerant and moderately salt tolerant (Tolliver et al. 1997) . In floating freshwater marshes of coastal Louisiana, this species has facilitative effects on initial recruitment of invasive T. sebifera by providing perches for birds dispersing T. sebifera seeds (Battaglia et al. 2009) . T. sebifera: T. sebifera is a fast growing deciduous tree that has invaded many southeastern coastal plant communities. T. sebifera exhibits many traits associated with successful invaders, such as fast growth rate, effective seed dispersal by birds (Renne et al. 2000) and a wide range of tolerance to environmental conditions (e.g. soil salinity, flooding and shade) (Conner 1994; Jones and McLeod 1989) . It has a high reproductive potential and may reach reproductive age within its first year (personal communication with JB Grace). Since its introduction, T. sebifera has been spreading rapidly in various coastal plant communities, including coastal prairies (Bruce et al. 1995) , floating marshes (Battaglia et al. 2009 ) and forested wetlands (Gan et al. 2009; Wang et al. 2014) . The species appears to be an aggressive invader and causes large-scale ecosystem modification by displacing native plant species and forming monospecific T. sebifera woodland (Bruce et al. 1995) .
Field sampling method
An observational study was carried out along the entire transect (except a section from 7300 to 8200 m due to private landowner inholdings) in May to August, 2008 . Preliminary field observations showed that no woody plant species was present in the first 4.5 km section of the transect, which consisted of salt marsh, brackish marsh and a thin band of fresh marsh at the forest-marsh ecotone. Along this section of the transect, we established reference points at each 100 m interval, located a random point within 12 m of the reference point and collected a soil sample from the top 30 cm of the soil profile using a 2-cm diameter corer. The remainder of the transect was comprised of forest communities that varied substantially in composition along the elevation gradient. Here, we used the same sampling protocol except that we sampled more frequently, establishing reference points along the transect at 25 m intervals. At each random point, we also quantified canopy openness by taking hemispherical photographs at a height of 1.5 m immediately above the random point.
At each reference point along the transect, we searched for the nearest juvenile (≤1.5 m height) of each target species within 12 m of the reference point (case-control sampling design). When more than one juvenile of focal species was encountered, we identified the nearest one (based on distance measurement) to the reference point. At each random point, we recorded the presence/absence of juveniles of the focal species and quantified the canopy openness by taking hemispherical photographs at a height of 1.5 m immediately above the point. Similarly, at each juvenile location, we recorded the presence of the juvenile and quantified canopy openness at a height of 1.5 m. Soil samples of the top 30 cm and canopy photographs were also taken at juvenile locations. We recorded the presence of human disturbances in each random point and juvenile location when landscape or human structures, defined in this study, were present within 50 m from a random point and a juvenile location. Previous studies have used human structures as a proxy of disturbances and propagule dispersal in the landscape (Carboni et al. 2010a; Taylor and Irwin 2004) . We chose a 50 m of distance because we spotted visible signs of disturbance within this distance, and also assume it represents a possible distance at which landscape structures still act as a source of disturbance and propagule dispersal.
We collected field data starting in mid-May 2008, following natural germination and establishment of focal species' seedlings, and completed the surveys in mid-August 2008. While a snapshot in time, this study covered an entire range of the coastal transition gradient that typifies coastal Mississippi (12-km long). Thus, the findings and conclusions from this study should be broadly applicable to other systems in the region with similar environmental conditions.
Soil analysis and canopy openness determination
Soil samples were used to measure soil salinity, soil texture and soil carbon/nitrogen. All the soil samples were oven-dried at 55°C, pulverized and sieved with a mesh size of 2.0 mm. Soil salinity was determined by measuring the electrical conductivity of a saturated soil paste using a conductivity meter (EcoSense EC300; YSI Inc., Yellow Springs, OH) following a slight modification to the procedure described in Rhoades (1996) . Soil salinity was expressed in specific conductivity units (milli Siemens per centimeter, mS cm −1 ). Soil texture (contents of percent sand, silt and clay) was determined by using the hydrometer method (Sheldrick and Wang 1993) . A small subsample (7 g) of soil was dried at 55°C, ball-milled to a fine powder to determine % C and % N using a Thermo Flash 1112 CN Analyzer (Thermo Corp, New Jersey, NJ). Canopy photographs were used to estimate canopy openness, a function of light availability. We used a digital camera and fisheye lens (Nikon Coolpix 4500) to take a photograph of the canopy from 1.5 m above the ground. Each image was imported into Gap Light Analyzer (GLA), a software program for quantifying canopy openness (Frazer et al. 1999) .
Statistical analysis
Probability of occurrence of invasive T. sebifera and the native plant species at particular sampling points, based on that point's characteristics, was evaluated by using logistic regression procedure (PROC GENMOD in SAS) (Allison 1999). Since the data are binary (presence/absence), we used generalized linear models for all logistic regression analyses. Predictor variables used to develop logistic models were: distance to coast, soil salinity, percent canopy openness, soil C/N, percent soil sand, silt, and clay. Before we developed the logistic models with measured environmental variables, we evaluated the probability of occurrence of target species in relation to distance from the coast. In the process of logistic model development, we first fit the target species occurrence to each predictor variable itself (single-predictor models) and then to a model that combined the two factors (soil salinity and canopy openness) into more complex models. A preliminary analysis indicated no statistically significant relationships between probability of occurrence of focal species and soil texture and carbon to nitrogen ratio (C:N). To make our logistic models simple, we did not include soil texture and C:N in complex logistic models. We compared the combined models to each of the simpler one-factor models developed with soil salinity and canopy openness. Finally, we added an interaction term (soil salinity × canopy openness) to determine the fit of the more complex model. If the fit of the model was significantly improved (a significant reduction in the change in deviance) compared to single-factor and combined models, we retained the interaction terms into the final model. Since some of our logistic models are based on a logit transformation, the output was back-transformed to generate separate response contours for each species. Contingency Table Analysis was performed to evaluate the association between the probability of occurrence of species and human disturbances. Logistic regression models and Contingency Table Analyses were run with SAS version 9.2 (SAS 2008); model significance of the variable was compared to the appropriate critical χ 2 value at the α = 0.05 level.
rEsulTs
Based on the measurements taken at random and juvenile points along the transect, a wide range of soil salinity, canopy openness and soil texture were found. Soil salinity ranged from 0.015 to 18.460 mS/cm. While salinity levels frequently changed across the coastal transitions, these measurements were a snapshot of soil salinity prior to Hurricanes Gustav and Ike in 2008. Soil salinity was higher toward the coast and progressively decreased with distance from the coast. The soil texture differed along the transect with decrease soil sand content and increased clay content from the coast to inland.
Distance to coast strongly affected the probability of occurrence of all target species (logistic regression: B. halimifolia, DF = 1, Wald χ 2 = 10.18, P = 0.0014; I. vomitoria, DF = 1, χ 2 = 27.92, P < 0.001; M. cerifera, DF = 1, χ 2 = 22.45, P < 0.001;
T. sebifera, DF = 1, χ 2 = 4.09, P = 0.043). None of the species occurred in the salt and brackish marshes (0−4500 m from the coast). B. halimifolia and T. sebifera were absent from the most inland portion of the transect ( Fig. 2a and d , respectively). In contrast, I. vomitoria and M. cerifera were encountered frequently throughout the forested portion of the transect (Fig. 2b and c respectively) . Probability of occurrence of B. halimifolia was significantly influenced by an interaction between soil salinity and canopy openness (Table 1) . Its occurrence was highest under moderate levels of salinity and low to moderate levels of canopy openness (Fig. 3a) . B. halimifolia occurrence increased with percentage increase of sand (DF = 1, Wald χ 2 = 6.95, P = 0.008), decreased with percentage increase of silt (DF = 1, Wald χ 2 = 7.44, P = 0.0064), but invariant with carbon to nitrogen ratio (DF = 1, Wald χ 2 = 2.19, P > 0.05). A simpler model (soil salinity and canopy openness, but no interaction) was adequate to explain the probability of occurrence of I. vomitoria; its occurrence decreased with soil salinity (Fig. 4 ) but was invariant with canopy openness. Soil characteristics were not predictive of probability of occurrence of I. vomitoria (P > 0.05). Probability of occurrence of M. cerifera was significantly influenced by an interaction between soil salinity and canopy openness (Table 1) . Its occurrence peaked at the lower level of soil salinity and canopy openness (Fig. 3b ) but was not influenced by the measured soil characteristics (P > 0.05).
The probability of occurrence of T. sebifera was significantly influenced by an interaction between soil salinity and canopy openness ( Table 1 ). The probability of occurrence of T. sebifera was highest at low levels of salinity and low levels of percent canopy openness (Fig. 3c ) but invariant with respect to the measured soil characteristics (P > 0.05).
We did not find a significant association between probability of occurrence of B. halimifolia and the human disturbances (χ 2 = 0.50, DF = 1, N = 320, P = 0.47). Similarly, human disturbances was not predictive of probability of occurrence of M. cerifera (χ 2 = 0.26, DF = 1, N = 450, P = 0.60). In contrast, we found a significant association between probability of occurrence and human disturbances for both I. vomitoria (χ 2 = 6.63, DF = 1, N = 339, P = 0.01) and T. sebifera (χ 2 = 49.17, DF = 1, N = 332, P < 0.0001). Probability of occurrence of both the species was higher with human disturbances.
DIsCussIoN
Our results suggest that the distributions of native and invasive species across a coastal transition gradient are related to both abiotic and human factors. Soil salinity appears to influence distribution patterns of all the species strongly than other environmental factors. These results underline the importance of abiotic factors in controlling plant species distributions along coastal gradients (Crain et al. 2004) . Except for B. halimifolia, which was present in saline salt pannes, the other target species had restricted distributions toward the seaward end of the coastal transition ( Fig. 2b-d) . Plant communities at the seaward end of the transition are typically dominated by open marshes which are exposed frequently to tidal flooding and higher salinity. Recurrent inundation with saline water and high salinity likely prevent the establishment of woody species as they have a narrower tolerance range compared to halophytic grasses and sedges (Kozlowski 1997) .
Field transplant experiments have also demonstrated that these species were unable to establish in locations seaward of their present distributions (Paudel 2013) . The highest probability of occurrence of B. halimifolia in moderately saline conditions suggests that this species can withstand more saline conditions than the other species we examined. These results are in agreement with previous studies on coastal environments in North America (Moon and Stiling 2004; Paudel and Battaglia 2013; Young et al. 1994) . Decreased probability of occurrence of T. sebifera with increased soil salinity suggests that there is an important abiotic constraint operating across the sea-inland environmental gradient dictated by soil salinity, which limits its seaward spread. Contrary to previous findings that reported a moderate level of salinity tolerance in T. sebifera (Conner 1994; Howard 2012) , our results suggest that the elevated soil salinity toward the marsh end of the coastal gradient limits establishment of this species, rendering these habitats less invasible (Alpert et al. 2000) . Our results are consistent with the findings of Barrilleaux and Grace (2000) who found significantly lower survival of transplanted T. sebifera seedlings at the saline end of the gradient in a coastal prairie in Texas. Some inland habitats (pine flatwoods and pine savanna) also are not currently occupied by T. sebifera, which may reflect either insufficient numbers of viable seeds carried to the site (i.e. both dispersal and recruitment limitation) for that species to germinate and establish (Tilman 1997) , or that the conditions are not suitable for seed germination and seedling survival (for instance, disturbed and moist soil). From this study, it is unclear whether the dispersal limitation led to the absence of T. sebifera in inland sites, or whether the site conditions are not conducive for invasion. However, most of the inland sites currently unoccupied by invasive T. sebifera are relatively pristine and remain dry (abiotic constraint) for a longer duration and these conditions are not favorable for T. sebifera invasion (Burns and Miller 2004; Denslow and Battaglia 2002) . Since, T. sebifera has the capacity to germinate in various inland habitats (Pattison and Mack 2008) , including pine savanna (Paudel and Battaglia 2013) , it is possible that both propagule limitation and unfavorable habitat condition constraint on its invasion in coastal pine savanna communities. It has been suggested that limited invasions in physically stressful conditions may be due to the fact that environmental stresses may reduce the species' ability to consume available resources (Davis et al. 2000) . Propagule limitation (Lonsdale 1999) and site conditions of receiving community (Alpert et al. 2000) have a major influence on habitat invasibility and future research should determine how these factors interact and determine the susceptibility or resistance to invasion of pristine coastal pine savannah communities. As hypothesized, landscape features appear to influence the occurrence pattern of invasive T. sebifera suggesting a strong relationship between invasions and anthropogenic disturbances (Richardson et al. 2000) . Our findings are in agreement with the theory of species invasions and anthropogenic change in coastal environments (Carboni et al. 2010b; Mack 2003; Seabloom et al. 2006; Silliman and Bertness 2004) . Only I. vomitoria of the three native species showed an association with human disturbances, suggesting that environmental factors may be more important than human disturbances in determining native species distribution (Carboni et al. 2010b ). There are a number of ways in which human developmental features and associated disturbances can affect coastal transitions ecosystems and invasions. For instance, construction and maintenance of roads and power lines result in soil disturbance, widen open spaces and increase available resources, which may help to colonize different plant species capable of exploiting disturbed conditions. Many invasive species may benefit more so than resident species because they are better at utilizing resource rich, recently disturbed habitats (Rejmanek and Richardson 1996) . Additionally, roads, trails and water bodies (e.g. bayou) act as important dispersal corridors, and anthropogenic disturbances around these structures may increase the chances of establishment of plant species, including invasives (Parendes and Jones 2000) . In this study, we were not able to experimentally demonstrate whether the landscape features and increasing human presence allowed for the influx of T. sebifera seeds and increased the probability of its occurrence in and around the disturbed areas. However, [Note: unlike the other three species where probability of occurrence was significantly affected by an interaction between soil salinity and canopy openness (Fig. 3) , there was no interaction effect on probability of occurrence of I. vomitoria. Its probability of occurrence was invariant with canopy openness but significantly decreased with soil salinity, which is depicted graphically]. some well-established T. sebifera populations were found in forest stands close to roads, power lines, abandoned fields, railway line and water bodies. Similar observations have also been made for the same invasive species in other parts of Mississippi, USA (Matlack 2002 ) and eastern Texas (Wang et al. 2014) . Therefore, we suggest that human-aided and other means of propagule dispersal (via birds and water) and the availability of suitable habitats created by human disturbances likely increase the abundance of exotic invasive species in low-lying coastal areas.
Implications for future distribution of the species
Overall, we found different occurrence patterns among the species. As hypothesized, most of the species had a restricted distribution in the southern edge of our study area due to the salinity stress. I. vomitoria and M. cerifera had wider distribution and are closely resembled each other in extent of occurrences. Conseverly, we found B. halimifoila and T. sebifera to have more restricted distribution. These differential occurrence patterns among the species with respect to abiotic and human factors may provide an insight into their future distribution under predicted change in environmental factors, in particular, elevated soil salinity from rising sea levels and hurricane-generated storm surges. Increased salt stress due to salt water intrusion will have a greater negative impact on salt intolerant species (I. vomitoria, M. cerifera and invasive T. sebifera). For example, after the Hurricane Katrina storm surge flooding, significant mortality of I. vomitoria has been reported in leveed bottomland hardwood forests in Louisiana (Howard 2012) . However, a relatively salt tolerant species (B. halimifolia) may persist in situ until the sites become inhospitable. We anticipate that the current distributional ranges of salt intolerant native and invasive species will contract farther away from the coast in response to elevated salinity (Tate and Battaglia 2013) and possibly expand in less saline inland habitats. Inversely, anthropogenic and natural disturbances (canopy damage and soil erosion) may diminish the stresses associated with elevated salinity either by altering hydrology, increasing open sites and light levels, or by fresh water and nutrient discharge. Although stress mitigation is not evident on the GBNERR, stress amelioration may increase sites more susceptible to alien invasion (Rodgers and Parker 2003; Silliman and Bertness 2004) . High probability of occurrence of T. sebifera along disturbance and dispersal corridors suggest that the landward retreat of invasive species from rising sea levels is likely to be exacerbated by high coastal development and increased human activities. Additionally, T. sebifera has the ability to tolerate a wide range of shade, reported in this study and elsewhere (Jones and McLeod 1989) where some native species are absent. This will allow T. sebifera to survive in undisturbed conditions, but then thrive and potentially have a competitive advantage over co-occurring native species following disturbances (a priority effect), particularly after canopy damage from hurricane winds. Our study highlights the ability of T. sebifera to regenerate in high shade, and particularly under the canopies of adult conspecifics. We also found that it is not always abundant in high light environments, in this case the relatively pristine pine savannas and marshes at the seaward end of the gradient. These results do not contradict the findings of Chapman et al. (2008) who observed enhanced regeneration of T. sebifera following canopy disturbance and increased light from Hurricane Katrina in 2005 in the Pearl River Basin in Louisiana, but rather illustrate that success of invasion may be context specific and dependent upon other abiotic constraints and the type of native vegetation present. We expect that tropical storms, compounded with anthropogenic disturbances, will expand regeneration sites, enhance light availability, add nutrients and increase propagule dispersal, ultimately leading to increased invasion of exotic species such as T. sebifera in many previously unoccupied inland forest stands throughout the southeastern USA. The expansion and dominance of alien invasive species beyond their current ranges will become an increasingly significant threat to the integrity of coastal ecosystems throughout the southeastern USA.
CoNClusIoNs
Results from this study suggest that both abiotic and human factors are equally important in determining the distributions of co-occurring woody plant species in coastal ecosystems. Our logistic models are valuable for identifying habitat preferences of invasive T. sebifera and co-occurring native species along the coastal transitions. This information assists GBNERR in addressing T. sebifera invasion by prioritizing the monitoring and control efforts. The broader implications of this research are that similar studies can be done in other parks, reserves and natural areas and identify habitats vulnerable to exotic invasion. Although field-based studies are time consuming and costly, they can provide more accurate information, which will allow conservation practitioners, managers and decision makers to better manage native communities by controlling invasive species.
